In the article a review of various phenomena on the surface of pure metals is given: the occurrence of the surface states of Tamm and Shockley; quantum size effects; electric double layer, the work function of electrons from a metal. According to modern concepts, the surface layer is a very thin phase that is in thermodynamic equilibrium with volume. A new model of the surface layer of metals has been proposed. The main attention is paid to the structural phase transition in the surface layer. This question is raised by us for the first time. In order to describe phase transitions in nanostructures, various models have been proposed, among which we can mention the Landau mean field method, in which the order parameter is used. We will use the Landau theory, replacing the temperature T with the coordinate h. It was experimentally shown that the heat capacity jumps ΔCp = 0, d = 1.15 (J/mol•K). The molecular dynamics calculations for the heat capacity of gold with particle sizes from 1.5 to 5.5 nm showed that ΔCp ≈ 1.65 (J/mol•K). This is close to our result, given the proximity of computer calculations. The lattice parameter of gold is a = 0.4 nm. So the d (I) layer contains about 3 monolayers of atoms of gold and d (II) -about 6 monolayers of gold.
Introduction
The study of the physical properties of various substances shows that these properties substantially depend on the size of the sample, starting from its certain critical value. This is explained by the difference in the properties of substances in the local near-surface layers and in the bulk. With a decrease in the sample size (for example, film thickness), the contribution of the surface layers to the total sample characteristic increases and the averaged characteristics of the substance change. This phenomenon is called a size effect and is fundamental in the nanoworld (nanophysics, nanochemistry, nanogeology, etc.) [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] .
According to modern concepts, the surface layer is a very thin phase that is in thermodynamic equilibrium with volume [11] . Regarding the thickness of the surface layer, there are various approaches. Thus, in [12] , the concept of a natural surface layer of a metal is introduced, which differs from the main volume of the metal by mechanical, physical, and sometimes chemical properties. Large stresses occur in this layer due to the following technological operations:
 heat treatment (for example, quenching, tempering, annealing);  chemical treatment (for example, carbonization, nitriding);  electrochemical treatment (for example, electrolytic coating);  physical treatment (for example, ion implantation).
The study of such surface layers, the main characteristic of which is the surface roughness, led to the creation of a scientific direction -surface engineering [13] [14] [15] . This branch of knowledge pays special attention to the issues of metal corrosion, tribology, the processes of material wear and destruction. Let's call this metal layer a technological layer the thickness of which can range from fractions to hundreds of microns.
When splitting single crystals in vacuum, three types of surfaces can form along the cleavage plane: singular (atomically smooth), vicinal (stepped), non-singular (diffuse) surfaces (Fig. 1) [16] [17] [18] . The study of such surfaces became possible after the development of ultrahigh-vacuum technology, atomic force and tunneling spectroscopy [19] [20] [21] [22] .
1 -singular (atomic-smooth); 2 -vicinal (stepped); 3 -non-singular (diffuse) surfaces We will consider mainly atom types of surfaces [23] [24] [25] [26] [27] [28] [29] [30] [31] .
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Quantum-size effects in metals
Quantum-dimensional structures [34, 35] , in which only one quantum level is filled, are called twodimensional electronic structures. If the movement of carriers is limited not in one, but in two directions, then in this case the carriers can move freely only in one direction, along the thread. In the cross section (the yz plane) the energy is quantized and takes discrete values of E mn (like any two-dimensional motion, it is described by two quantum numbers, m and n). The full spectrum is also discretely continuous, but with only one continuous degree of freedom:
By analogy with film structures having a spectrum (1), these systems are called one-dimensional electronic structures or quantum filaments.
Finally, there are structures resembling artificial atoms, where motion is restricted in all three directions. Here the energy spectrum no longer contains a continuous component, but is purely discrete. As in the atom it is described by three discrete quantum numbers (not counting the spin) and can be written as E = E lmn , and, as in the atom, the energy levels can be degenerate. Such systems are called zerodimensional electronic structures or quantum dots.
In order for quantization of the energy spectrum to manifest itself in any observable effects, the distance between the energy levels E n+1 -E n must be sufficiently large. First of all, it should significantly exceed the thermal energy of the carriers:
(2) otherwise, the almost identical population of neighboring levels and frequent carrier transitions between them make quantum effects unobservable. If the electron gas is degenerated and characterized by the Fermi energy E F , then in order to observe quantum-size effects, the condition:
In accordance with requirement (3), metal structures are not very suitable for observing quantum size effects, since EF in typical metals is several electron volts, which is known to be greater than any distance between levels. Semiconductor or semimetallic structures are clearly preferable here.
Metal surface reconstruction and relaxation
Consider the atomic structure of the surface of the sample, formed as a result of cleavage along a certain crystallographic plane. Due to the fact that there are no atoms on one side, the nature of the interatomic forces on the surface should change. As a result, the equilibrium structure of the upper atomic layer must differ from the corresponding atomic plane in the bulk. There are two main types of atomic surface rearrangement [16] [17] [18] : relaxation; reconstruction.
The surface relaxation is understood as the difference between the distances between the last crystallographic planes parallel to the plane of the boundary with vacuum, and the distances between the same planes in the bulk. It is assumed that the arrangement of atoms in the last plane completely coincides with the arrangement of atoms in all other planes parallel to it.
In turn, the relaxation is subdivided into normal and lateral (the latter is also called parallel or tangential). Normal relaxation corresponds to the case when the atomic structure of the upper layer is the same as in the volume, but the distance between the upper and second layer differs from the distance between the planes in the volume. In its pure form, normal relaxation is observed in metals.
With rare exceptions, the surface of most metals is unreconstructed and subject to relaxation. For lowindex planes, relaxation is, as a rule, purely normal. Some high index planes are characterized by a combination of normal and lateral relaxation.
The aluminum surface A1 (110) is a typical example of relaxation of a low-index metal surface. This is a purely normal relaxation (Fig. 3a) . Like most metals, the first interlayer distance d 12 is compressed [36] . The magnitude of this compression, normalized to the interlayer distance in the crystal volume, Δ 12 = (d 12 -d bulk )/d bulk , is -8.6 %. In general, for face-centered and bulk-centered metals this value is in the range from zero to several tens of percent, and it is higher for surfaces with a low packing density of atoms. stance from the bulk value decrease with depth, a 0) surface, the second interlayer distance is stretc ghtly, by -1, 6 %. ble and semi-noble face-centered metals (for exa W and Mo), there are reconstructions.
Electric double layer in metals
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The thickness of the surface layer of atomically smooth metals In [39, 40] we obtained a formula that describes the dependence of the physical property of a solid on its size:
here A 0 is the physical property of the massive sample; A(h) is the physical property of a small particle or thin film; d is a dimensional parameter.
For the size parameter, we have obtained the formula [39, 40] :
here σ is the surface tension of the bulk sample; υ is the molar volume; R is the gas constant; T temperature. For h ≤ d, formula (5) loses its physical meaning (A (h) → ∞)), so we will define the function A (h) in this area so that at the point h = 0, the function A (h) turns to zero (Fig. 5 ). This condition is fulfilled when the function (2) is rewritten as: The values of the parameter d for some metals are given in Table. The experimental value for atomically smooth surfaces of gold crystals, obtained in the geometry of sliding x-rays [41] , is 2.4 nm. This almost coincides with Table. However, the size dependence of the physical properties of solids begins at h ≈ 10d. We call it the thickness of the nanostructure and denote (II). In [39, 40] we showed that the surface tension with high accuracy is given by: 
Orientational phase transition and Landau theory
It follows from Figure 5 that at h = d, an orientational phase transition of the λ type occurs in the nanostructure (Fig. 5) , which is associated with surface reconstruction and relaxation processes [36] . There is an opinion that size plays a role in temperature in nanostructures. When h = d, in particular, the Hall-Petch law is changed to the opposite [42] and other phenomena.
In order to describe phase transitions in nanostructures, various models have been proposed, among which we can mention the Landau mean field method, in which the order parameter is used [43] . We will use the Landau theory, replacing the temperature T with the coordinate h. In Landau's theory, the temperature-dependent order parameter is associated with crystal symmetry. In this case, in one of the phases (as a rule, in the high-temperature phase), the system is not ordered and  = 0. In the ordered phase (usually low-temperature) 0.
According to Landau, the thermodynamic potential of the system is expanded in a row in the parameter :
10) where F 0 (h) (T = h) is the part of the free energy independent of , and the coefficients A, B, ... may depend on h. From the condition of thermodynamic equilibrium of the existence of a phase, there should be a minimum of its free energy, at which F/ = 0. From here it is obvious that the coefficient for the first degree should be zero: F/ = А = 0 (all subsequent terms of the decomposition F/η are equal to zero, since in the unordered phase  = 0). In addition, in most cases, the disordered (high-temperature) phase is centrosymmetric, so that the minimum F() in the vicinity of η = 0 should be symmetric. Therefore, the decomposition  2 F/ 2  must be characterized by an even series (polynomial). For this reason, all coefficients with odd powers η in expression (10) must vanish. This gives grounds to rewrite the expression for the thermodynamic potential in the following form: (11), we can conclude that the dependence of the coefficient  on h is sharp (critical). The dependence of  and  on h is not critical, so that it can be neglected.
Р е п о з и т о р и й К а р Г У By expanding the dependence (h) in a series in a small (in the vicinity of the transition) parameter (h-) and limiting ourselves to the first member of this series, we have: (12) where  0 is a coefficient independent of h.
In Landau's theory, the character of the FP (features of the second kind or the first kind) is determined by the sign of the coefficient of the fourth power of the order parameter:  4 . In the case of β > 0, we have a second-order phase transition, and in this case, taking the coefficient at  6 (and at higher degrees of the order parameter) becomes unnecessary, since the stability of the system is already provided by the condition of a positive value of the parameter. Thus, for the thermodynamic description of the FP2 in the centrosymmetric disordered phase, the expansion of (h,) in the order parameter takes the form of a finite polynomial:
The specific form of the function (13) depends on the physical meaning of the order parameter. According to microscopic changes in the structure, phase transitions are divided into displacement type and order-disorder type transitions.
The order parameter for order-disorder phase transitions is described as follows. A change in the symmetry of a crystal can occur as a result of the redistribution of the probability that atoms are located at different equilibrium positions in the unit cell. Suppose that there are two such positions and they are «popu-lated» respectively with a concentration of N 1 and N 2 atoms -the number of atoms located respectively in positions 1 and 2. At sufficiently high temperatures, these positions are uniformly populated, the probability of finding an atom in each of them is the same: N 1 = N 2 . Since on average (for example, on average over time) the internal atom is in the center of the cell, the symmetry of the structure does not change. The phase transition into an ordered phase with decreasing temperature manifests itself as the appearance of the difference in the probabilities of finding a particle in different positions, that is, the difference in the number of particles in these positions. At the phase transition point, the value becomes nonzero: In order for the phase transition point to correspond to a steady state, the thermodynamic potential must have a minimum at this point: . 2
The second postulate of the Landau theory is a linear dependence on h of the coefficient A 0 near the transition under the condition of constant pressure:
It is assumed that С 0 does not depend on h. Thus, the value of the order parameter η for h <d is:
Entropy near the phase transition point:
In the symmetric high-tempera
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the molecular dynamics performed (Fig. 6) . 
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